Abstract -A fugacity approach was evaluated to reconcile loadings of vinyl chloride producing trace component concentrations in landfill gas.
Waste management technologies are increasingly subject to environmental risk assessments 6 that inform operational practice, environmental permitting and regulatory intervention. The quality the soil needs to specified, along with physicochemical data on molecular weight, aqueous solubility 1 vapour pressure (K ow ), and first-order reaction half-life (t ½ ). The model accounts for losses from 2 degrading reactions, leaching (D W ) and volatilisation (D A ) by the designation of 'D values' 3 (Mackay, 2001 ). An adaptation of SOIL, SOILFUG (DiGuardio et al., 1994) has been designed for 4 pesticide application to soil with subsequent surface water runoff. Adaptations include incorporating 5 the effects of sequential rainfall events with input parameters that include inflow and outflow rates. Leaching is replaced by run off (D roff ) taken from the amount of water flowing out of the system, 7 here a river basin. The authors attempted verification by comparing the predicted concentrations of 8 pesticide in the outflow with environmental monitoring data (DiGuardio et al., 1994) . SOILFUG 9 may have relevance for a landfill environment, given the flushing of landfill cells and where 10 leachate recirculation events might be considered analogous to successive 'rainfall' events. Finally, 11 She et al. (1995) describe a fugacity approach (SOILVE) to predicting the efficiency of soil vapour 12 extraction (VE) in removing volatile organic compounds (VOCs) from the unsaturated zone of a 13 contaminated soil; a situation physically analogous to modern landfill sites where gas is actively 14 extracted. SOILVE accounts for degradation, volatilisation and leaching and includes a term for gas 15 phase extraction. The extraction is designated a D value, D X , determined by a gas flow rate (G X m 3 16 h -1 ), combined with the fugacity capacity (Z G , mol m -3 Pa):
18
The model accounts for the non-uniform distribution of VOCs in soil and introduces the concept of 19 a 'sweep efficiency' E; a ratio of the effective air extraction rate (G E ) to the applied airflow.
The effective D value (D E ) is then: The model recognises that the effectiveness of gas extraction declines exponentially as a result of 3 removal of the gas from more permeable areas, followed by extraction from areas where the 4 permeability is lower. This is given by:
6
Where E f is at infinite time, E i is at time 0 and k 3 is a decay constant. The presence of the decay term 7 makes application of SOILVE particularly applicable to the landfill environment.
9
Trace components in landfill gas 10 The composition of LFG is dominated by the bulk gases methane, CH prolonged (Brosseau and Heitz, 1994; Allen et al., 1997; El-Fadel et al., 1997a; Zou et al., 2003) .
15
Due to its heavy reliance on landfill, many of the more significant studies have been undertaken in 16 the UK. Early work on the trace composition of LFG (Young and Parker, 1983; Allen et al., 1997; 17 Eklund et al., 1998) identified 100-140 trace components of concern, typically constituting < 1% v /v approximately 80 trace components (Meynell, 1983) . Further trace components were characterised 23 in the late 1980s following monitoring at three UK-based landfill sites over a period of three years
24
( Dent et al., 1986; Department of Environment, 1988 components with those modelled in the study. 
MATERIALS AND METHODS

13
Evaluative landfill environment
14
The evaluative environment selected was a single cell of waste, rather than an entire landfill cells (Fletcher, 1989; Croft et al., 2001; Blackmore et al., 2003) . Our evaluative environment allows 17 for three phases: gas, water, and waste, and for the processes of water and gas flux through the information on the chemical composition of the wastes under study, which are universally absent.
13
Due to these difficulties, a scalable initial value of 10 mg kg -1 for all of the chemicals was initially 14 selected (Pollard et al., 1993) . This represented a load to the cell of 160 kg. Having generated an engineered landfill in the UK. Finally, rather than set a leachate head for this study, a water flow 6 rate though the cell was applied using an infiltration rate of 0.14 mm d -1 adopted from GasSim 2001) importance of (i) the free organic carbon phase (represented by f oc ) (ii) the gas extraction rate; 5 and (iii) the redox status to estimating the concentration of trace components in LFG. represented by conventional soil organic (humic) matter or by the presence of a free organic phase 14 common to many hazardous waste systems (Pollard et al., 1993; Kjeldsen and Christensen, 2001 ).
15
Level II modelling has improved utility, producing illustrative data on persistence, losses due to (Table 10 ). This provides a set of candidate loads that can be re-assessed with 4 anaerobic degradation rates to generate a new set of phase distributions (Table 11 ), the air phase 5 concentrations for which may be compared with the observed ranges of trace components in LFG.
6
One must be cautious as to the utility of this approach. concentrations of vinyl chloride appeared to be too low for all three extraction rates ( Figure 5 ).
23
Once extrapolation to 160 kg input is considered, a 10m 3 h -1 extraction rate produces an order of field data, however and no conclusive correlations can therefore be made. Figure 5 illustrates the 2 impact that degradation and extraction rates have on the concentration of trace components in LFG.
3
These factors change throughout the lifetime of a landfill (bi-, tri-phasic behaviour) generating 4 additional complexity.
5
Vinyl chloride behaviour is recognisably complex given its generation in landfill as a 6 biotransformation product of chlorinated organics (Vogel and McCarty, 1985) . A more appropriate 7 assessment of the utility of the SOILVE approach may be achieved using less complex substrates.
8
The trace components 1-3 butadiene and benzene might be expected to exhibit more straightforward 9 characteristics, being resistant to biotransformation ( Figure 6 ). Figure 6 exhibits near linearity for 10 benzene and an exponential decrease for 1-3 butadiene, becoming more pronounced at rapid 11 extraction rates. In both cases, the concentrations achieved are within the observed range (Table 11) .
12
For these less complex substrates, modelled without the complexities of biotransformation, data that 13 are more representative can therefore be achieved. Overall, however, the results produced with 14 SOILVE illustrate the importance of using appropriate biotransformation rates. 
